encapsulated by melamine resin and water. However, 1. Introduction at low flow velocity of ice-water slurry, the ice-water Recently, much attention has been paid to a new slurry in a pipe results in an increase in flow drag, heat transfer slurry made of a mixture of water as a since the ice particles flow in contact with the upper continuous phase and fine particles of solid-liquid wall surface of the pipe due to the buoyant force phase change material as a dispersion phase, called difference between water and ice particles. Agglomerthe "functionally thermal medium" and is capable of ation of ice particles in a pipe upon the functions of fluidity for pipe transport and latent-heat storage(l).
sintering and gathering disturbs the water-ice particle Typical types of functionally thermal media are iceslurry flow in a transport pipe. On the other hand, the water slurry and latent-heat slurry made by mixing phase segregation and pipe flow blockage by agglomfine encapsulated particles of paraffin and water or eration of ice particles can be avoided by using the water solution (2) . Examples of the latter are oil/water latent-heat slurry made of a homogeneous mixture of emulsion (3) , made by dispersing fine particles of water and fine particles of encapsulated paraffin wax. paraffin wax in a water layer using surfactants, and By using this type of latent-heat slurry, the temperalatent-heat microcapsule water slurry(4), which conture level and the amount of heat storage for utilizasists of a mixture of fine particles of paraffin wax tion can be controlled easily by changing the type of latent-heat material and the concentration of latent- eter and space. However, the high viscosity of the okayama-u.ac.jp latent-heat microcapsule slurry would result in a marked increase in the pumping power of the conventional wall-type heat exchanger. The objective of this study is to examine the latent-heat storage characteristics of the latent-heat microcapsule slurry, which is made by dispersing fine particles packed with n-paraffin wax into water, for the construction of a new domestic heating and cooling system. With a view to avoiding high pumping power in the conventional wall~type heat exchanger, in the present study, we attempt to use the direct contact heat transfer method capable of a high heat transfer coefficient, in which hot air is injected into the latent-heat microcapsule slurry layer in the heat storage process. Therefore, the present experiments have been performed to examine the effects of parameters such as inlet air temperature and humidity, concentration of latent-heat material in the latent-heat slurry and the amount of latent-heat material on temperature efficiency, enthalpy difference between inlet and outlet air and the completion time of the heat storage, which are important for estimating heat and mass transfer characteristics of the latent-heat microcapsule slurry in the heat storage process. Finally, in the present study, we attempt to derive the nondimensional correlation equations of temperature efficiency, variation in air enthalpy and the completion time period in the heat storage process. The present latent-heat microcapsules were produced by encapsulating n-octacosane of paraffin wax as a latent-heat storage material with melamine resin by an in-situ polyolerization method. Figure 1 shows the variation of the heat evolved from noctacosane with temperature cooled at a velocity of 2.0 K/min, determined using a differential scanning calorinleter. The results in Fig. 1 reveal that the melting and transition points of n-octacosane are T mp =334.7 K (latent heat Lmp=164.6 kJ/kg) and Ttp = 319.3 K (transition heat L tp =39.8 kj/kg), respectively and the total heat (Lmp +L tp ) evolved was estinlated to be 204.4 kj/kg. The particle diameter of latentheat microcapsules was measured using an optical micrograph with a magnification of 1 000. The diame- 
Experimental Results and Discussion
4.1 Latent-heat microcapsule slurry layer height behavior in the presence of air bubbles The total volume of air bubbles remaining in the latent-heat microcapsule slurry layer is an important factor for evaluating the amount of latent-heat storage from air bubbles ascending to the latent-heat microcapsules. The holdup € which denotes the volume fraction of air bubbles in the microcapsule slurry layer was estimated by analyzing the visualization photographs. Figure 3 shows the relationship between hold-up E and superficial airflow velocity Vo at a height of Zi==O.lO m for various concentrations of noctacosane emi and water only (closed circles). In Figure 4 presents time histories of outlet air temperature T aout and relative humidity ¢aout, and the microcapsule slurry temperature Tc at an inlet air temperature of Tain==356.2 K and relative humidity of ¢ain==60 RH%. In this study, the initial temperature of the microcapsule slurry was set at 303.2 K below the transition temperature TtP =319.3 K of the latentheat storage material (n-octacosane). From Fig. 4 , it is noted that the value of Tc increases markedly due to the sensible heat storage for 7.5 min from the start of the test run. For this time period, it is seen that the rate of increase of Tc with time is reduced at approximately Tc ==319.3 K due to the transition heat evolved, and after t == 10 min the value of Tc increases gradually with time during evolution of the latent heat at approximately Tmp ==334.7 K. On the other hand, it is assumed that the higher heat exchange efficiency is obtained by the direct-contact heat exchange between air bubbles and· the microcapsule slurry, since the outlet air temperature T aout becomes almost the same as the microcapsule slurry temperature Tc with time. It is also seen that the value of <Paaut increases markedly and then approaches the saturated moist air condition due to the high mass transfer coefficient by the direct-contact mass transfer between air bubbles and the microcapsule slurry. Qmil=Ha-Qloss-Qv-Qm;s (1) where Qv refers to the sensible heat of the heat storage vessel integrated with time. The completion time of latent-heat storage in the microcapsule slurry was estimated as the time period when the value of Qmil is equal to the total latent heat mm;L by using the following equation. ( 2 ) here, the superscript • denotes the heat per time.
The value of Ql08S in Eq. ( 2) was estimated fronl the results obtained in the preliminary heat storage experiments which were carried out to measure the heat loss from the heat storage vessel to the environment using water instead of the microcapsule slurry. The value of enthalpy difference between inlet air and outlet air ~Ha is defined as follows: Fig. 5 , it is found that the value of sensible heat stored Qmis increases to a great extent in the temperature range below the melting point of latent-heat storage material with time by 7.5 nlin after starting the test run, and this rate of increase of Qm;s with time is reduced at temperatures over the melting point of 334.7 K. It is seen that the value of latent-heat stored Fig. 5 indicates the time-integrated latent heat evolved by the condensation of water vapor in ascending air bubbles. Under the present experimental conditions, this is revealed by the fact that the value of Qs accounts for more than ninety percent of the enthalpy difference of inlet and outlet moist air. Therefore, it is important to consider the absolute humidity difference between inlet and outlet air. 4. 3 Completion time period of latent-heat storage process Figure 6 presents the variation of absolute humidity of inlet air X ain with the completion time period of latent-heat storage tl. It is found that an increase in absolute humidity of inlet air enables the shortening of the completion time period t. by the addition of the latent heat based on water vapor condensation. Figure 7 shows the relationship between the conlpletion time period of latent-heat storage i. and superficial airflow velocity for various initial heights of the microcapsule slurry layer Z,.. The results in Fig. 7 show that the value of tl decreases with increasing superficial airflow velocity Vo, reaches a local minimum of il at approximately Vo ==O.040 mis, and finally increases with an increase in Vo over Vo=O.040 m/s.
--------r---,---,------
In the low-velocity range of Vo<O.040 mis, the decrease in i l can be explained by the fact that most of the heat occupied by air bubbles, that is, the heat capacity of air bubbles which is proportional to superficial airflow velocity Vo, is transmitted into the microcapsule slurry. On the other hand, in the highvelocity range of Vo >0.040 mis, the increase in It can be brought about by means of decreasing the heating surface area and shortening the staying time of air bubbles in the microcapsule slurry layer due to the combination of air bubbles generated from circular nozzles. Therefore, the correlation of temperature efficiency, enthalpy difference between inlet and outlet air and the completion time period of latent-heat storage can be classified into two ranges.
4. 4 Temperature efficiency of latent-heat storage vessel One of the important parameters in estimating the effect of direct--'contact heat transfer is the temperature characteristic of outlet air from the nlicrocapsule slurry layer. It was understood that the outlet air temperature Taout varied with tinlC, as shown in Fig. 4 . In the present study, an arithmetic time average of outlet air temperature Taout was used as a representative temperature of outlet air. Temperature efficiency 0 including the value of Taout is defined as follows:
Tain -TiP where the value of TiP refers to the transition point temperature of latent'-heat storage material.
~rhe viscosity of the nlicrocapsule slurry appears to be an important factor in the flow behavior of air bubbles in the microcapsule slurry layer. This viscosity is dependent on the concentration of the latentheat storage material emi. Therefore, the first nondinlensional parameter which exerts an influence on the temperature efficiency e should be the percentage concentration of the latent-heat storage material C*(CmdlOO). The ratio of height Z. of the microcapsule slurry layer to the average diameter dpm of microcapsules Z* (=Zt!dpm) was used as the second nondimensional parameter for temperature efficiency, which was related to the staying time period of air bubbles in the microcapsule slurry layer. 
dpm
The Reynolds number I-te based on a superficial airflow velocity was utilized as the third nondimensional parameter and indicates the effect of the injected airflow rate on the temperature efficiency. The average diameter of the microcapsules was used as a representative dimension such as for the fluidized bed model(6).
J?e= Vow dpm ( 6 )

Va
The Stefan nunlber Ste was adopted as the fourth nondimensional parameter and represented the temperature difference between inlet air and melting point temperature of latent-heat storage material.
Here, L denotes the total of transient (crystal structure change) heat and latent (liquid-solid phase change) heat.
On the other hand, the modified Stefan number Stell was defined for humidity of the inlet air by using the enthalpy of inlet air as follows: . This increase in 0 is explained by the fact that the increase in the heat transmitted from air bubbles to the microcapsule slurry with an increase in airflow rate leads to a decrease in the outlet air temperature Taout , since the staying time period of air bubbles increases with increase of the hold-up of the microcapsule slurry layer. In contrast, it is found that the value of e decreases with an increase in Re in the range of Re=2.3 x 10-: is explained by the fact that the heat transmitted from air bubbles to the microcapsule slurry decreases with increasing airflow rate since the combination of air bubbles results in the enlargenlent of air bubble size with increasing airflow velocity, that is, airflow rate.
The results for the parameter of Z* reveal that the value of 8 increases with an increase in Z* since an increase in the contact time period between air bubbles and the microcapsule slurry with increasing Z* leads to an increase in the amount of heat transferred between them. Figure 9 shows the relationship between the temperature efficiency of 8 and the modified Stefan number Steh. The results in Fig. 9 indicate that the value of 8 decreases with increasing Steh. Based on the effects of these parameters on 8, the following correlation equations (9) and (10) were derived by the root mean squared method within a standard deviation of ± 11.2%.
For Re ==0.9 X 10-3 -2.3 X 10- 
Ste=0
.054 -0.14, Steh=2.l -3.7. 4. 5 Variation in enthalpy difference between inlet and outlet air The variation in enthalpy difference of air bubbles through the microcapsule slurry layer was examined in the present study. Figure 10 The results in Fig. 10 indicate that the value of ~h/hain increases with increasing Stefan number Ste. This increase in Ah/hain could be explained by the fact that the inlet air temperature exerts less of extent an influence on the enthalpy of outlet air, due to the fact that a smaller amount of sensible heat contributes to the enthalpy. Moreover, the increase in enthalpy of inlet air, that is, the increase in Stefan number, leads to an increase in enthalpy difference ~h. As a result, the value of ~h/hain increases with increasing Stefan number Ste. Figure 11 presents the variation of Ah/hain with the modified Stefan number Steh. In Fig.   11 , it is noted that the value of ~h/hain increases with an increase in Steh. This tendency of ~h/hain is due to the fact that variation in the humidity of air greatly affects the heat and mass transfer by the latent heat evolved with a phase change, in comparison with the Ste=O.054 -0.14, Steh=2.l -3.7. 4_ 6 Nondimensional correlation of completion time period for latent heat storage Investigations were carried out on the completion time period il of latent-heat storage in the present study, which is an important factor for estimating the efficiency of latent-heat storage. Nondimensional completion time period it of latent-heat storage is defined as follows: Figure 12 shows the variation of nondimensional completion time period fl* with concentration of latent-heat material C* for various Reynolds numbers Re. In Fig. 12 , it is found that the value of tl* increases with an increase in C* due to an increase in the amount of latent heat with increasing C*. Figure  13 presents the relationship between nondimensional time period /1* and Stefan number Sie. The results of Fig. 13 show that the value of fl* decreases with increasing Sie, that is, inlet air temperature Tain . This decrease in il* could be caused by the increase in the amount of heat transmitted due to the increase in 
Concluding Remarks
We proposed a new type of latent-heat storage system containing a microcapsule slurry, which was composed of a mixture of fine encapsulated particles of paraffin wax and water, by a direct-contact heat exchange method in which the heat was stored from hot air bubbles to the microcapsule slurry for a domestic heating and cooling system. The effects of some parameters on latent heat storage characteristics were clarified experimentally as follows.
( 1) l"'he results revealed that the greater part of the heat transmitted from hot air bubbles to the microcapsule slurry was latent heat based on the variation in humidity of air bubbles in comparison with sensible heat based on variations in air temperature.
( 2 ) It was found that a higher efficiency of mass and heat transfer was obtained by direct-contact heat exchange between air bubbles and the microcapsule slurry.
( 3) The nondimensional correlation equations of the completion time period of latent heat storage, temperature efficiency and enthalpy difference between inlet and outlet air were derived by some nondimensional parameters.
